The European spruce bark beetle, Dendroctonus micans Kugelann (Coleoptera, Scolytidae), is one of the most serious pests of oriental spruce (Picea orientalis L.) in Turkey. In this study, we investigated bacterial flora of D. micans collected from different populations of the forests of Eastern Black Sea Region of Turkey from 2002 to 2004. Seven different bacteria were isolated from healthy, diseased and dead specimens based on the color of colony and morphology. According to morphological, physiological and biochemical properties, metobolic enyzme profile by BIOLOG microtiter plate system, and total cellular fatty acid profile by Microbial Identification System (MIS), isolates were identified as Micrococcus luteus, Bacillus thuringiensis subsp. morrisoni, Serratia grimesii, Enterobacter cloaceae, Enterobacter intermedius, Streptococcus sp. and Pseudomonas putida. This is the first study on the bacterial flora of D. micans.
Introduction
The European spruce bark beetle, Dendroctonus micans Kug. (Coleoptera: Scolytidae), is an important pest damaging large-scale spruce stands. It has spread a part of 250,000 ha of spruce forests in Turkey and affected approximately 8 million spruce trees in its spreading areas from 1966 to 1994 (Selmi, 1998) . Although chemical substances and mechanical methods have been used to control this pest, results have not been effective. Rhizophagus grandis Gyll. (Coleoptera: Rhizophagidae) is one of the natural predators of D. micans and has been used in the biological control since 1984 in Turkey (Yuksel, 1997) . However, the propagation in laboratory conditions and the application in field of this predator are laborious and expensive. Besides, the distribution of the pest to almost all of spruce forests of Turkey could not be prevented by using this predator in biological control.
Surprisingly, despite its mass occurrence and wide distribution, bacterial pathogens of this pest have not been investigated so far. Most of the bacteria, which are capable of causing disease in insects, do not harm other animal or plants. This is one of the most important factors encouraging the use of bacterial pathogens as microbial control agents. Various bacterial insect pathogens are used successfully in microbial control of insects (Bucher, 1981; Thiery & Frachon, 1997) .
It is known that many bacteria which can be isolated from insects belong to the families Bacillaceae, Enterobacteriaceae and Pseudomonadaceae. However, bacteria-insects interaction is not only pathogenic but also symbiotic. Symbiotic bacteria are ubiquitously located in insect guts with these symbioses ranging from pathogenic to mutualistic and from facultative to obligate (Lau et al., 2002) . Determining the symbiotic bacteria in insect species can allow the development of new approaches for biological control (Li et al., 2005) . Therefore, many scientists investigated the bacterial flora of harmful insects (Lipa & Wiland, 1972; Fitt & O'Brien, 1985; Sezen & Demirbag, 1999; Yaman et al., , 2002a Yaman et al., , 2002b Kuzina et al., 2001; Demir et al., 2002; Osborn et al., 2002; Sezen et al., 2004) .
In this study, we isolated and identified seven bacterial isolates from D. micans collected from several spruce stands in Turkey from 2002 to 2004. Although there are a number of studies on bacterial flora of insects, few of them are on bark beetles and have not been studied in detail (Jouvenaz & Wilkinson, 1970; Moore, 1972; Tanada & Kaya, 1993) . This is the first study on the bacterial flora of D. micans.
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Material and methods

Collection of insects
Adults and larvae of D. micans were collected under the barks of oriental spruce trees from eight different localities (Şavşat, Yusufeli and Borçka in Artvin; Maçka in Trabzon; Tirebolu, Espiye and Dereli in Giresun; and Mesudiye in Ordu) in the forests of Eastern Black Sea Region of Turkey between 2002 and 2004. Specimens were individually put into sterilized tubes to prevent possible contaminations and were transported to the laboratory in boxes. Healthy specimens were fed with sterilized barks of their host plant Picea orientalis L. Barks were sterilized by submerging them briefly in a 3% sodium hypochlorite solution and washing twice in sterile distilled water (OSBORN et al., 2002) .
Isolation of bacteria
Fourty-eight insect specimens (24 larvae and 24 adults) were individually placed into 70% ethanol, gently swirled for 1.5 to 2 min, and then washed twice in sterile distilled water (LIPA & WILAND, 1972) . Using standard aseptic techniques, surface-sterilized insects were homogenized in test tubes including 3 mL Nutrient broth (Difco) using a glass tissue grinder. After preparing the extracts for bacterial isolation, 100 µL of suspension was streaked on each Nutrient agar (Difco) plates and incubated at 30
• C for 48-72 h. At the end of the incubation period, discrete bacterial colonies were aseptically removed by using an inoculation loop, restreaked on Nutrient agar, and incubated aerobically for 24-48 h. Individual colonies were isolated, sub-cultured twice to ensure purity and then stored in 15% sterilized glycerol at −80
• C for further studies.
Identification of bacterial isolates
Morphological, physiological and biochemical tests for identification of isolated bacteria were performed according to the literature (BUCHER, 1981; PALLERONI, 1986; SNEATH, 1986; THIERY & FRACHON, 1997) . All of the tests were repeated at least twice for each isolate.
The fatty acid profiles of isolates were determined as suggested by SASSER (1990) using the Microbial Identification System (Hewlett-Packard model 5898A, Palo Alto, CA) with TSBA (Tripticase Soy Broth Agar) database in the Microbial Identification System software package (MIDI; Microbial ID, Inc., Newark, DE).
Bacterial isolates were assessed to determine their ability to metabolize 95 carbon substrates using the BIOLOG GP and GN microtiter systems. Gram positive isolates on BUG+M (Biolog Universal Growth Agar + 0.25% Maltose) and Gram negative isolates on TSA (Tripticase Soy Agar) were grown and suspended in 0.85% NaCl solution. Then an amount of bacterial cells in solution was adjusted to BI-OLOG turbidity standards (0.25 A590 ∼ 3 × 10 8 cells) by BIOLOG turbidimeter (BIOLOG, Inc.). One hundred and fifty µL solution from each isolates was added to each microtiter wells and the plates incubated at 28
• C for 24 h. Color development was assessed using the associated Microlog software (6.01 GP and 6.01 GN Database) (BIOLOG, Inc., Hayward, CA).
Serotyping analysis of Bacillus thuringiensis isolate was kindly performed by Michio Ohba and Kumiko Kagoshima (Graduate School of Bioresource and Bioenvironmental Sciences, Kyushu University, Fukuoka, Japan).
Results and discussion
Although there have been a number of chemical, mechanical and biological studies for controlling D. micans damages, studies connected with the bacterial flora of D. micans have been neglected. In the present study, seven different bacteria, one spore-forming (DM2) and six non-spore-forming (DM1, DM3, DM4, DM5, DM6 and DM7) were isolated from D. micans. These bacteria were selected and characterized by morphological, physiological and biochemical properties (Tables 1,  2 ). Besides, the metabolic enzyme profile (Table 3) by BIOLOG microtiter systems including 95 different carbon sources and also the total cellular fatty acid profile (Table 4) by Microbial Identification System (MIS) were determined.
DM1 isolate is non-motile, non-spore forming, Gram positive, spherical 0.7-1.2 µm in diameter occurring in tetrads, catalase and oxidase positive, produces yellowish pigment insoluble in water and forms smooth round colonies on nutrient agar (Tables 1, 2 ). According to the metabolic enzyme profile, this isolate can metabolize 15 different carbon sources which cannot be metabolized by other gram positive isolates, DM5 and DM10 (Table 3) . Based on the total cellular fatty acid profile, C15:0 iso and C15:0 anteiso were present (64.73% of total fatty acid) in this isolate (Table 4). Results suggest that this isolate is Microccoccus luteus. These results are similar to the findings of Girard (1971) and Brooks et al. (1980) in that most of the total cellular fatty acids of Micrococcus species were C15 fatty acids.
M. luteus has been isolated from Agrotis segetum (Lepidoptera: Noctuidae) (Lipa & Wiland, 1972) , Euproctis chrysorrhoea (Lepidoptera: Lymantriidae) and Balaninus nucum larvae (Coleoptera: Curculionidae) (Sezen & Demirbag, 1999) , and then its pathogenic effects on isolated host have been studied. Moreover, many studies have shown that a number of Micrococcus species are identified at genus level associated with insects (Krieg, 1961; Bucher, 1981; Yaman et al., 1999 Yaman et al., , 2002a . We have isolated this bacterium from living adults and larvae of D. micans.
DM2 isolate is motile, Gram positive rod, 2.8-4.5 × 0.8-1.1 µm, catalase and oxidase positive, sporeforming, facultative anaerobe, produces acid from glucose, reduces nitrate, forms white colonies with a dry, corrugated surface on nutrient agar, includes ellipsoidterminal spores and no parasporal crystals (Tables 1,  2 ). This bacterium can metabolize α-keto-valeric acid that is not metabolized by other isolates. In addition, it can use 55 different carbon sources from a total of 95 carbon sources tested (Table 3) . Based on morphological, physiological and biochemical tests, we decided that this bacterium is a strain of Bacillus thuringiensis. The results of the metabolic enzyme profile and the total cellular fatty acid profile supported this opinion. The a ND: no data, s/r: smooth-round, c/r: concentric-round, da: dead adults, dl: dead larvae, hl: healthy larvae, all: both dead and healthy (larvae and adults). G e l a t i n e -+ + ----S t a r c h -
total cellular fatty acid profile showed that the fatty acids of this bacterium contained from 13 to 17 carbons and most of them (73.16 %) had iso and anteiso configurations (Table 4) . These results are similar to those in literature (Sneath, 1986; Siegel et al., 2000) . In addition, the serotyping analysis of this isolate showed that it is an acrystalliferous form of Bacillus thuringiensis subsp. morrisoni. B. thuringiensis is the most widely used microbial control agent and has a high insecticidal activity on the species of Lepidoptera, Diptera and Coleoptera. In the past, B. thuringiensis has been isolated from the species belonging to Noctuidae (Lepidoptera), such as Agrotis segetum (Krieg, 1961; Lipa & Wiland, 1972) , Busseola fusca (Steinhaus & Marsh, 1962) , Peridroma margaritosa (Steinhaus, 1951) , Prodenia praefica (Steinhaus & Marsh, 1962) and Trichoplusia ni (Krieg, 1961; Steinhaus & Marsh, 1962) . B. thuringiensis has also been isolated from some coleopteran species such as Balaninus nucum (Cur- (Sezen & Demirbag, 1999) and Melolontha melolontha (Scarabaidae) (Sezen et al., 2001) .
Apart from B. thuringiensis, some other species of Bacillus genus, such as B. cereus (Steinhaus & Marsh, 1962; Kuzina et al., 2001) , B. subtilis (Reeves & Nayduch, 2002) , B. sphaericus , B. popilliae (Klein & Kaya, 1995) , B. circulans (Demir et al., 2002) , B. polymyxa (Demir et al., 2002) , B. megaterium (Osborn et al., 2002) and B. lentimorbus (Yaman et al., 1999) , have been isolated from different insects showing that Bacillus species are very common in insect populations.
DM3 isolate is a Gram negative, non-spore forming, motile, facultative anaerobic, rod-shaped arranged singly or pair, 1-2.1 × 0.5-0.8 µm, catalase positive, utilizes Simmons' citrate medium, hydrolyses gelatine and starch, does not hydrolyse urea, does not form indol, produces acetyl methyl carbinol in VogesProskauer broth, grows weakly at 4
• C, and forms smooth round colonies on nutrient agar (Tables 1,2) . Based on morphological, physiological and biochemical tests, the metabolic enzyme profile and the total cellular fatty acid profile, this isolate was identified as Serratia grimesii. It was isolated from dead adults and larvae of D. micans. This is the first study showing that S. grimesii has been isolated from insects up to now. However, several other species that belong to Serratia have been isolated from various insects, and most of them have been found pathogenic against insects. S. marcescens (Steinhaus & Marsh, 1962; Lipa & Wiland, 1972; Sezen & Demirbag, 1999; Jeyaprakash et al., 2003) , S. entomophila (Grimont et al., 1988; Jackson et al., 1992) , S. proteamaculans (Grimont et al., 1988) , S. liquefaciens (Klein & Kaya, 1995) and S. fonticola (Kuzina et al., 2001 ) have been isolated from healthy, diseased, or dead insects. In particular, S. marcescens is an important insect pathogen and has been isolated from insectary-rearing insects kept under crowded unnatural conditions (King et al., 1975) . S. marcescens was reported to be the cause of disease in Dendroctonus frontalis (Coleoptera: Scolytidae) (Jouvenaz & Wilkinson, 1970) .
DM4 and DM5 isolates are Gram negative, nonspore-forming, motile, facultative anaerobic, rod-shaped, catalase positive, utilize Simmons' citrate medium, hydrolyse starch, do not hydrolyse gelatine and urea and metabolize glucose and lactose (Tables 1, 2) . These isolates were identified as Enterobacter sp. Microbial Identification System database with the total cellular fatty acid profile and BIOLOG microtiter system databases with the metabolic enzyme profile revealed that DM4 was Enterobacter cloaceae and DM5 was Enterobacter intermedius.
E. cloacae has been isolated from different insects, such as Heliothis armigera, Agrotis segetum (Lipa & Wiland, 1972) , Melolontha melolontha (Sezen et al., 2001) , Anastrepha ludens (Diptera: Tephritidae) (Kuzina et al., 2001) and Hylesia metabus (Lepidoptera: Saturniidae) (Osborn et al., 2002) . Although Bucher (1981) reported that the pathogenic effect of this bacterium against insects was questionable, Sezen et al. (2001) showed that it has 40% insecticidal activity on Melolontha melolontha. In addition, Kumari & Neelgund (1985) reported that it was pathogenic on Tribolium castaneum (Coleoptera: Tenebrionidae). This is the first study indicating that E. intermedius has been isolated from insects. However, in a previous study, Moore (1972) has isolated E. aerogenes from D. frontalis. Recently, many authors have shown that a number of Enterobacter species such as E. agglomerans (Sezen et al., 2004) , E. sakazakii (Kuzina et al., 2001 ) and E. gergoviae (Kuzina et al., 2002) have been associated with insects.
DM6 isolate is a Gram positive spherical, less than 1 µm in diameter, non-spore-forming, non-motile, facultative anaerobic and occurs in chains when grown in liquid media. It does not produce catalase or oxidase, hydrolyse urea, gelatine or starch, whereas, it utilizes Simmons' citrate medium and form indol. It metabolizes glucose and lactose and grows at 45
• C weakly (Tables 1, 2 ). This isolate can perfectly metabolize 20 different carbon sources of a total of 95 tested (Table 3) . Most of the total cellular fatty acids (82.01%) of this isolate are saturated fatty acids (Table 4) . Based on the results, this bacterium was identified as Streptococcus sp. Different species of Streptococcus have been isolated from insects and found to be pathogenic (Govan et al., 1998; Kuzina et al., 2001) . Bucher (1981) also reported five species of this genus as associated with insects.
DM7 is a Gram negative, rod-shaped, 1.4-3 × 0.6-0.8 µm, non-spore-forming, aerobic, motile and occurring singly or in pair. In addition, it produces catalase and oxidase, utilizes Simmons' citrate medium, does not hydrolyse gelatine, urea or starch, does not use glucose or lactose (Tables 1, 2); contains three fatty acids which are not found in other isolates (Table 3 ) and can metabolize propionic acid (Table 4) . This bacterium was identified as Pseudomonas putida. In previous studies, it was reported that P. putida could infect Euproctis chrysorrhoea (Steinhaus, 1963) and Mamestra brassicae (Lepidoptera: Noctuidae) (Ivanov & Gukasjan, 1966) . Despite the fact that a number of Pseudomonas species are important insect pathogens, i.e., P. aeruginosa (Bucher & Stephens, 1957; Osborn et al., 2002) , P. fluorescens (Krieg, 1961; Lipa & Wiland, 1972; Bucher, 1981; Sezen & Demirbag, 1999 , Yaman et al., 1999 and P. chlororaphis (Ivanov & Gukasjan, 1966; Bucher, 1981; Yaman et al., 2002b) , P. putida appears insignificant as an insect pathogen (Bucher, 1981; Schneider & Dorn, 2001) .
P. putida is a rapidly growing bacterium frequently isolated from most temperate soils and waters, particularly polluted soils. Pseudomonads are engaged in important metabolic activities in environment including element cycling and the degradation of biogenic and xenobiotic pollutants (Timmis, 2002) . They also can be found in intestines of animals and on surface of plant materials. Intestinal bacteria are able to play a key role in the nutritional physiology of their host, such as producing short-chain fatty acids from carbohydrates or synthesizing amino acids (Li et al., 2005) . The midgut bacteria could be parasites living in the gut, relying on nutrients that host enzymes have digested (Vossen et al., 2004) . Studies showing the role of these isolated bacteria in D. micans will be addressed elsewhere.
As a result, we have determined the bacterial flora of D. micans. Further researches will be directed to investigate the potential of these bacteria as a biocontrol agent against D. micans.
